Abstract-In this paper, the static rolling test of quartz flexible accelerometer in gravitational field is studied. We establish its error model and use the method of total least squares for identification. In addition, we study the influence of environment temperature on the accelerometer. 
I. INTRODUCTION
Accelerometer is an important component in the inertial navigation system. The factors influencing the precision of accelerometer mainly have two aspects: accelerometer internal factors and external environmental factors of accelerometer work or calibration. Improving precision of model identification of accelerometer is the basic way to reduce the error of inertial navigation system. Therefore, accurately calibration accelerometer error model is very considerable. Accelerometer model parameters identification method, generally using the least squares method, but this method is easily affected by the input error [1] , [2] . The total least squares method can be adopted to solve this problem, which can deal with output errors and input errors simultaneously [3] , [4] . The common means for reducing the influence of environment temperature on the accelerometer output is the study of the characteristics of the temperature parameters of the accelerometer. Through temperature control box to make the accelerometer work in the multiple specified temperature points, the functional relationship between the accelerometer output and temperature is established, thus the accelerometer output is compensated, and the use accuracy of the accelerometer is augmented [5] - [9] . This paper, the gravitation field test for a long time for quartz flexible accelerometer is performed based on the ambient temperature. The static mathematic model and the temperature model of accelerometer are built. The total least squares method is used to identify more accurate model parameters. The accelerometer stationarity of output signal and the environmental adaptability in different temperatures are enhanced by temperature compensation method.
II. STATIC MODEL OF ACCELEROMETER

A. Static Mathematical Model of Accelerometer
The rolling test of accelerometer in gravitational field, usually the input reference quantity is measured by using the projection weight of the gravity acceleration of the laboratory local on the each axis of the accelerometer, with which to test or separate all performance parameters of accelerometer. The calibration bias and scale factor are accurate, however, the others nonlinear coefficients and cross-coupling coefficients are low precision. Accordingly, it is the foundation of a variety of other high g value overload test, and its test method often with single axis and multiple equal test angles of the rolling over accelerometer. When the twelve-position measuring system is adopted and accelerometer is installed at the "gate" state, a static mathematical model equation can be expressed as [10] 
B. The Static Temperature Model of Accelerometer
The use accuracy of accelerometer is greatly affected by the environmental temperature changes. The reason is that the accelerometer is sensitive to temperature and the surrounding temperature gradient [11] . In the static mathematical model of accelerometer, the model parameters can be regarded as a function of temperature. To cut down the effects of environmental temperature on the accelerometer output, the polynomial between model parameters and temperature is created as follows . The mathematical model of total least squares (TLS) can be described as [12] , [13] 
Unknown parameters vector of the total least squares estimation can be obtained 
IV. STATIC TEMPERATURE COMPENSATION OF ACCELEROMETER
A. The Collection and Preprocessing of Data
Based on the natural environment temperature as the test temperature point of the accelerometer experiment, the output of the accelerometer data is obtained by adopting the LabVIEW data acquisition software and the data acquisition card PCI-6221 which is 16 bit resolution. Through regular test method, the temperature in the range of 10℃ to 35℃ are gained, the precision of the temperature measuring meter is ±0.1℃, the sampling frequency is 1000Hz and the sampling time for 20 seconds of the accelerometer in each temperature.
It is worth mentioning that the de-noising of accelerometer output signal is done by applying the singular value decomposition (SVD) method before utilizing the TLS method identify model parameters. The cause is that the accelerometer output is always affected by all kinds of noise in the gravitational field twelve-position rolling test. The noise is not only evidently shortens the signal-to-noise ratio, but also impacted the analysis accuracy and the reliability of the signal. The concrete method of SVD de-noising pretreatment can be found in [14] - [16] .
B. The Temperature Compensation Analysis of the
Accelerometer In order to analysis all parameters are influenced by temperature, the 2 K , the 3 K , the o K and the io K along with the variation of temperature are described in Fig. 1 , the curve tracing of the 0 K vary with temperature is drawn as Fig. 2 , the 1 K changes with temperature is painted as Fig. 3 . shown in Table I . Through the temperature coefficient values in Table I 
The curves of the 0 K and the 1 K variation with temperature after the temperature compensation as shown in Fig. 2 and Fig. 3 . Before temperature compensation, the alterations of the 0 K and the 1 K are 7.201895e-4(g) and 3.109124e-4(V/g), respectively. Whereas after temperature compensation, the variation of the 0 K is 2.070704e-5(g), and the 1 K is 4.407450e-5(V/g) with temperature.
According to the compensation of the 0 K and the 1 K for temperature, the accelerometer actual output is adjusted. The accelerometer output change with the temperature as shown in Fig. 4 . Fig. 4(a) and Fig. 4(b) are the output of the accelerometer which in the position of +1g gravitational field.
The Fig. 4(a) shows that the accelerometer output has an apparently downward trend as the temperature increases further, the standard deviation of original output is 1.984475e-4(V). Curves of the variation of the K1 with temperature before and after compensation.
The Fig. 4(b) indicates that the accelerometer output maintains stable basically, which standard deviation is 6.603851e-5(V), the temperature compensation effect is prominent. In order to test whether the above temperature model and temperature coefficients can be applied to other temperatures to perfect the output of the accelerometer, the output of the accelerometer at 18.8℃, 28.8℃and 32.1 ℃ are compensated with the temperature coefficients of Table I . The accelerometer output before temperature compensation in the position of +1g gravitational field is as shown in Fig. 5(a) , and after temperature compensation is as shown in Fig. 5(b) . The standard deviations are 1.974324e-4(V) and 8.743841e-5(V) before and after temperature compensation, respectively. It implies that the accelerometer output of other temperatures could be compensated predictably with the temperature coefficients of Table I . By the above results can be seen, for compensating the 0 K and the 1 K on temperature can realize the accelerometer output compensation, and the temperature model and temperature coefficients can also be used for other temperatures to make good the accelerometer output. So the temperature model and the compensation method are correct and feasible. The compensation of the accelerometer output has something to do with the temperature coefficients of the compensation model, the selection standard environment temperature and the degree of the fitting polynomial. If setting up a suitable standard temperature and a degree of the fitting polynomial in all the temperature ranges of the accelerometer working, a better output of the accelerometer can be achieved after temperature compensation.
V. CONCLUSION AND FUTURE RESEARCH
This paper, the TLS method is utilized to identify the static mathematical model and the temperature model of the quartz flexible accelerometer in gravitational field by twelve-position rolling test. The ambient temperature can serve as the experiment temperature of the accelerometer, a series of experiments are carried out as time goes on. Through the method of temperature compensation, the accelerometer output can be compensated. The results support that the TLS method to identify parameters of high precision, the effect of the accelerometer temperature compensation is obvious and the stability of the accelerometer output signal is improved.
In order to further improve the accuracy of accelerometer, more factors affecting the output of accelerometer, such as the output drifting caused by time, etc. can be taken into account in the future work. 
